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(54) Automated order filling method and system 

(57) A method of automatically picking items to fill a 
purchase order A pi rcha<w* o'der is received and infor- 
mation about the identity and quantity of items ordered 
in the purchase crder is extracted from it A pick list is 
created from the extracted information a pick list, and 
the pick list is associated with a receptacle for receiving 
picked items A detemmauon is made whether ordered 
items are of a first type or a second type If no item of 
the second type is ordered the receptacle is directed to 
a first location where items of the first type are stored 
and ordered items stored at the first location are auto- 
matically picked and placed in the receptacle If at least 
one item of the second type is ordered, the receptacle 



is first directed to a second location where items of the 
second type are stored Items stored at the second lo- 
cation re automatically picked and placed in the recep- 
tacle and, if at least one item of the first type is also or- 
dered, the receptacle is next directed to a first location 
where items of the first type are stored Ordered items 
stored at the first location are then automatically picked 
and placed in the receptacle and the receptacle is di- 
rected to a location for further processing If no item of 
the first type rs also ordered, the receptacle is directed 
to a location for further processing after items stored at 
the second location have been picked and placed in the 
receptacle 
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is first directed to a second location where items of the 
second type are stored Items stored at the second lo- 
cation re automatically picked and placed in the recep- 
tacle and if at least one item of the first type is also or- 
dered> the receptacle is next directed to a first location 5 
where items of the first type are stored Ordered items 
stored at the first location are then automatically picked 
and placed in the receptacle and the receptacle is di- 
rected to a location lor further processing If no item of 
the first type is also ordered, the receptacle is directed 10 
to a location for further processing after items stored at 
the second location have been picked and placed in the 
receptacle 

[0009] In another of its aspects, the invention is a sys- 
tem for automatically picking items to fill a purchase or- '5 
der, and comprises at least one receptacle for receiving 
items ordered in the purchase order the receptacle hav- 
ing associated with it unique identifying information a 
conveyor for moving the receptacle along a preselected 
path, a detector along the path for detecting the unique 
identifying information associated with the receptacle 
and generating an output signal representative of that 
informatior, a system controller which (a) receives the 
detector output signal and information about the identity 
and quantity of items ordered in the purchase order, (b) & 
correlates the unique identifying information with the in- 
formation about the identity and quantity of items or- 
dered in the purchase order and {c) generates com- 
mands a first location along a first portion of the path of 
the conveyor for storing items of a first type a second so 
location along a second portion of the path of the con- 
veyor for storing items of a second type, a director re- 
sponsive to a command from the controller to direct a 
receptacle onto the second portion of the path when 
items of the second type are ordered in the purchase 35 
order, at least one picking robot at the second storage 
location responsive to a command from the controller to 
pick rtems of the second type ordered in the purchase 
order and place the items in the receptacle, and at least 
one dispenser at the first storage location responsive to ^ 
a command from the controller to dispense items of the 
first type ordered in the purchase order into the recep- 
tacle 

Bnef Descnption of the Drawings 45 

[0010] For the purpose of illustrating the invention, 
there is shown in the drawings a form which is presently 
preferred, rt being understood, however, that this inven- 
tion ts not limited to the precise arrangements and in- so 
strumentahties shown 

[0011] Figure 1 is an overhead view, in greatly simpli- 
fied form, o1 an order picking system embodying the 
present invention 

[0012] Figure 2 is a perspective view of a portion of ss 
the system illustrated in Figure 1 showing a storage 
section including a gantry robot 
[001 3] Figure 3 is a side view of a gantry robot head 
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[0014] Figure 4 is an isometric view, from below of a 
portion of the robot head illustrated in Figure 3, showing 
the robot head manipulators 

[0015] Figure 5 is an isometnc view from below, of 
the robot head illustrated in Figure 3, shown holding a 
stack of items for replenishment 
[0016] Figure 6 is aside view of a vacuum end effector 
for a robot head as illustrated in Figure 3, shown engag- 
ing an item to be picked up and transported by the robot 
head 

[0017] Figure 7 is a perspective view of a section of 
an inventory area for an order picking system according 
to the invention, showing stacks of items supported on 
a base and located by cruciform stanchions 
[0018] Figure 8 is a process flowchart showing the ba- 
sic steps of filling a purchase order according to the 
present invention 

[0019] Figure 9 is a process flowchart showing the 
steps of associating a purchase order with a receptacle 
[0020] Figure 10 is a process flowchart showing the 
steps of filling a pick list 

[0021] Figure 11 is a process flowchart showing the 
step3 of replenishing an item in a storage section 
[0022] Figure 12 is a process flowchart showing the 
steps of filling pick lists containing only low volume 
items 

[0023] Figure 1 3 is an overhead view of an alternative 
embodiment of the invention which uses an alternative 
routing of receptacles through the system 
[0024] Figure 14 is an overhead view of a second al- 
ternative embedment of the invention which uses a sec- 
ond alternative routing of receptacles through the sys- 
tem 

[0025] Figure 15 is a process flowchart showing the 
steps of one method of determining whether items 
should be classified as low volume or high volume 

Descnption of the Preferred Embodiment 

[0026] Referring to the drawings, wherein like numer- 
als indicate like or corresponding elements throughout 
the several views, an embodiment of the invention as 
presently preferred is illustrated in greatly simplified 
form in Figure 1 For purposes of illustration and not by 
way of limitation, the invention will be shown and de- 
scnbed with reference to handling compact discs (CDs) 
on which music or other content is recorded, and which 
are inventoried and picked for shipment to customers in 
fulfillment of customer orders Of course, it should be 
understood that the present invention is not limited to 
handling CDs or any other specific items, but is applica 
ble generally to handling a wide variety of items It is 
within the capabilities of those skilled in the art to modify 
the invention from the exact forms illustrated in order to 
adapt it to items other than CDs 
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30 to pick up and transfer multiple low volume items 46 
to multiple receptacles 22 while those receptacles are 
within the inventory area 

[0035] To minimize such problems, the preferred em- 
bodiment of the invention routes the inventory area con- 
veyor 50 through the center of the inventory area 28, 
between storage sections 32 In addition, after passing 
through inventory area 28 a first time, the inventory area 
conveyor 50 makes a 180 degree turn and passes 
through the inventory area 28 a second time The 
180-degree turn of the inventory area conveyor 50 di- 
rectsthe inventory area conveyor 50 back between stor- 
age sections 32 This provides, in effect, twice as much 
time to place picked items in a receptacle This allows 
items which are temporarily out of stock in the storage 
section 32 to be replenished between the first and sec- 
ond passes of a receptacle 22 between storage sections 
32 Also, picks of a particular low volume item 46 can 
be deferred from the first pass of a receptacle to the sec- 
ond pass to allow the system to prioritize the picking of 
low volume items 46 between the first and second pass- 
es so as lo maximize the number of picks that the gantry 
robot 30 can accommodate in a given time period 
[0036] After they have passed completely through the 
inventory area 28, receptacles 22 are returned to the 
dispenser conveyor 38 The receptacles 22 then are 

^ transported past several dedicated dispensers 24, 
which dispense high volume items 36 that may still be 
required lo fill a purchase order associated with the re- 

v ceptacles 22 As a receptacle 22 passes each dedicated 
dispenser 24 the dedicated dispenser 24 dispenses an 
item 36 to the receptacle 22 when an item in the dis- 
penser is required for a customer order associated with 
the receptacle 22 

[0037] After all required high volume and low volume 
items have been picked and placed into a receptacle, 
the receptacle is transported to a location where the 
items may be checked and packed for shipment 

Inventory Area 

[0038] As shown in Figure 1 , the inventory area 28 
may be divided into several storage sections 32 Each 
storage section 32 is served by a gantry robot 30 A gan- 
try robot may serve only a single storage section, or may 
serve a plurality of storage sections In the illustrated 
embodiment, one gantry robot 30 serves two storage 
sections 32 As those skilled in the art will appreciate, 
the number of storage sections 32 that can be served 
by a gantry robot 30 depends on a number of factors, 
including the size of the robot, rts range of motion, the 
desired speed wrth which items aro to be picked, the 
number of individual low volume items to be stored, and 
the space available 

[0039] The gantry robot 30 is arranged to move in 
three orthogonal axes As shown in Figure 2, the first 
axis 56 and second axis 58 are in a horizontal plane, 
substantially parallel to the floor of the inventory area 



28 so that the robot is capable of movement in perpen- 
dicular x and y directions To enable the x-y movement, 
two spaced-apart overhead rails 60 which are perpen- 
dicular to the direction of movement of inventory area 

5 conveyor 50 in the illustrated embodiment, are provided 
The overhead rails 60 provide a track for a pair of mov- 
able crossbeams 62, which span the overhead rails 60 
and are movable in unison in a direction parallel to the 
overhead rails 60 The movable crossbeams 62 provide 

10 a track for a robot head 64, which is movable in a direc- 
tion perpendicular to the overhead rails 60 and parallel 
to the direction of movement of inventory conveyor 50 
Suitable drive mechanisms may be provided to effect 
movement of the crossbeams 62 along rails 60 and 

'5 movement of robot head 64 along crossbeams 62, as 
will be understood by those skilled in the art As illus- 
trated in Figure 2, the robot head 64 may include a drive 
mechanism 78 which moves the robot head 64 to 
traverse l he movable crossbeams 62 Position rel erenc- 

20 es 80 are included on rails 60 and crossbeams 62 to 
provide information regarding the position of the robot 
head 64 to suitable command and control systems to 
drive the robot head 64 

[0040] As can be seen in Figure 2, low volume items 
25 46 are organized within a storage section 32 in rows 66 
and columns 68 The intersection of each row 66 and 
column 68 defines a cell 70 for a stack 72 of specific 
items The columns 68 and rows 66 are arranged par- 
allel to the overhead rails 60 and moving crossbeam 62, 
30 respectively, such that motion of the moving crossbeam 
62 is parallel to the columns 68 and motion of the robot 
head 64 along the moving crossbeam 62 is parallel to 
the rows 66 

[0041 ] As shown in Figure 3, the robot head 64 may 
35 include an end effector 34 in the form of a vacuum tip 
which can pick up by suction individual low volume items 
46 from a stack 72 of such items located at a cell 70 
Other end effectors can be used, as will be explained in 
more detail below The end effector, in this case the vac- 
40 uum tip, 34 is movable vertically, by an extension and 
retraction mechanism 92 Any suitable mechanism for 
extending and retracting vacuum tip 34 may be used, 
such as a fluid-pressun2ed cylinder, a rack and pinion, 
a mechanical linkage, and the like The vertical move- 
rs ment of the vacuum tip 34 provides motion of the gantry 
robot 30 in the z direction, which is mutually orthogonal 
to both the x and y directions When a specific low vol- 
ume item 46 is required to fill an order, a system con- 
troller 47 for the order filling system 20 causes the mov- 
50 mg crossbeam 62 to move to a position corresponding 
to the row 66 containing the low volume item, and the 
robot head 64 to move to a position corresponding to 
the column 68 location of the specific low volume item 
46 The vacuum pickup 34 is then moved downward un- 
55 til rt engages the low volume item 46 and applies suction 
to it Once the low volume item 46 is engaged and held 
by suction the vacuum pickup 34 is raised, and the robot 
head 64 moves to a point over the location on conveyor 
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locating specific items the storage sections 32 of the 
illustrated embodiment are organized into a matrix ar- 
rangement of rows 66 and columns 68 of stacks 72 of 
low volume items 46 That enables the location of a 
stack of specific low volume items 46 to be defined by 
xand y, or row and column coordinates wrthin the ma- 
trix 

[0050] The gantry robot must also know the height, or 
z coordinate, of the top surface 110 of the topmost item 
112 in the stack 72 from which a specific low volume 
item 46 is to be picked If the vacuum effector 34 is low- 
ered too far, damage to at least the topmost item in the 
stack 72 can occur On the other hand, if the vacuum 
effector 34 is not lowered far enough, the flexible boot 
88 will not contact the top item 112 to be picked This 
can result in the topmost item remaining on the stack 72 
which, in turn, can result in inaccurate inventory track- 
ing 

[0051] The lop surface 110 of the top item 112 to be 
picked can be determined either by actively sensing the 
proximity of a vacuum effector 34 to the topmost item 
j 12, or by predicting the height of the top item 112 based 
on the inventory count of items 46 remainrng in the stack 
72 

Storage Sections 

[0052] As shown in Figure 7 a storage section 32 of 
the descnbed embodiment comprises at least one base 
plate 114 To form larger storage areas, a plurality of 
base plates 114 can be interlocked together with adja- 
cent base plates Each base plate has at least one lev- 
eler 11 6for leveling the base plates 144 and has at least 
one mounting hole 1 1 7 for attaching the base plates 1 1 4 
to a floor The leveler 116 compnses a threaded screw 
or bolt 128 which cooperates with a correspondingly 
threaded bushing 126 in an aperture in the base plate 
114 The screw 128 is long enough to extend through 
the base plate and engage the floor below Rotating the 
screw 128 raises or lowers the base plate 114 relative 
to the floor, in known manner Preferably, a leveler 116 
is located adjacent to each corner of the base plate 1 1 4 
to facilitate the adjustment of the base plate 114 to a 
level position 

[0053] Keeping the base plates 114 level relative to 
the gantry robot 30 is important to ensure free move- 
ment of robot head 64 in the z direction when picking 
items 46 or replenishing stacks 72 of items If the base 
plates 114 are not level, then the slacks 72 will not be 
vertical This could result in interference or binding be- 
tween robot head 64 and adjacent stacks 72 of items 46 
as the robot head moves up and down in the z direction 
[0054] Supported by each base plate 114 is a pallet 
118 Each pallet has a top surface which supports stacks 
72 of items 46 Each pallet has a preselected thickness, 
so that the top surface is raised above the surface of 
base olate 114 Preferabrv the pallets are hollow and 
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a vacuum molding process Each pallet has a plurality 
of circular openings or recesses 1 34 which provide room 
for feet 98 of robot head 64 to rotate when replenishing 
stacks of items 

5 [0055] Cells 70 within a storage section are defined 
by cruciform stanchions 120, which are received in cor- 
responding cruciform sockets 121 in pallet 118 The cru- 
ciform stanchions 120 are arranged in staggered fash- 
ion in rows and columns, and are arranged such that 

10 two stanchions define diagonally opposite corners of a 
cell In that manner, four stanchions define four cells, as 
illustrated in Figure 7, which is believed to be the most 
efficient arrangement and one that requires a minimum 
number of stanchions The cruciform stanchions 120 

is serve to locate stacks 72 of items 46 and hold them in 
place Each cruciform stanchion 1 20 defines four inside 
comers 1 22 between adjacent arms of the stanchion in 
the illustrated embodiment, in which the items 46 are 
represented by CDs, the inside corners 1 22 of diagonal- 

20 ly opposite cruciform stanchions 1 20 receive diagonally 
opposite comers 128 of each CD case in a stack 72, 
thus holding the stacks 72 of items 46 in place The cru- 
ciform stanchions 120 also provide position references 
to enable a gantry robot 30 to determine its position with- 

25 m a storage section 32 

Replenishment of rtems 

[0056] A replenishment station 74 as shown in Figure 

30 2, is preferably, although not necessarily, provided for 
each storage section 32 If a replenishment station 74 
is provided, it should be located within the range of x 
and y motion of the gantry robot for the associated stor- 
age section 32 When provided, the replenishment sta- 

3S tion 74 may be used to temporanly hold one or more 
stacks 72 of low volume items 46 for transfer by the gan- 
try robot 30 to a cell 70 to replenish a depleted stack 72 
If desired, replenishment station 74 may be identical to 
a storage section in construction, or may simply com- 

40 prise a base and a number of cruciform stanchions 1 30 
for locating and engaging the corners of a stack 72 of 
low volume items 46 In the latter case, the cruciform 
stanchions 130 need not be as high as cruciform stan- 
chions 120 since, by definition, stacks 72 will only re- 

43 main at replenishment station 74 for a short penod of 
time and therefore are less subject to shifting Stand- 
offs, or spacers 132, are also provided between cruci- 
form stanchions 130 to raise the bottom of the stack 
above the surface of the base of replenishment station 

so 74, to provide room for the feet 98 of the rotatable fingers 
84 of robot head 64 to rotate underneath a stack 72 of 
low volume items 46 

[0057] Stacks 72 of low volume items 46 may be 
placed at replenishment station 74 by any desired meth- 
55 od, including manual stacking However, transferring 
stacks of items Irom the replenishment station 74 into 
the storaae area 28 is preferably done bv the aantrv ro- 
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customer's willingness to pay extra for express service 
[0066] At the same time receptacles are arriving at 
the conveyor 38 As each receptacle 22 enters the dis- 
penser conveyor 38, the receptacle 22 is identified (226) 
by the order filling system 20 As described above each 
receptacle 22 has a unique identifier 42, which may, for 
example, be a bar code such that the system controller 
47 can identify (226) the particular receptacle Bar 
codes on receptacles 22, as in the illustrated embodi- 
ment, can be scanned by commonly used bar code 
readers connected to the system controller 47 
[0067] Pick lists in the queue are associated with re- 
ceptacles as receptacles arrive on the dispenser con- 
veyor Once the unique identity of a receptacle has been 
determined, the system controller 47 associates (228) 
a pick list with the receptacle 

Determining Whether Low Volume Items are Required 

[0066] As shown in Figure 1 0 t after the pick list is as- 
sociated (220) with a receptacle, the pick list is exam- 
ined (230) to determine whether the items on the pick 
list include low volume items If low volume items are 
required, an indicator or flag can be set in the system 
controller 47 signifying that low volume items need to 
be picked Alternatively, a low volume flag can be set as 
part of the original pick list, or the determination of 
whether low volume items are required can be made im- 
mediately prior to the receptacle 22 reaching the diverter 
48 

[0069] As the receptacle 22 approaches the diverter 
48, the diverter is positioned to either allow the recep- 
tacle 22 to continue on the dispenser conveyor 38 or, if 
low volume items are required, to divert (232) the recep- 
tacle 22 to the inventory area conveyor 50 

Dispensing High Volume Items 

[0070] When the pick list does not include low volume 
items 46, the receptacle is allowed (234) to continue on 
the dispenser conveyor 38 The location of the recepta- 
cle must be determined (236) so that the system con- 
troller 47 can signal high volume dispensers 24 when a 
high volume item is to be dispensed into the proper re- 
ceptacle 22 One method of determining the location of 
the receptacle is by determining when the receptacle is 
at a known location, and then calculating, from the 
speed of the conveyor and the time elapsed since the 
receptacle passed the known location the present lo- 
cation of the receptacle The same information can be 
used to predict the future position of a receptacle on the 
conveyor, as weD The conveyor can include sensors 
1 38, such as optical sensors, at specific points along the 
conveyor 

[0071] As the receptacle passes each dispenser, the 
system controller 47 determines (238) whether the item 
contained within the dispenser is required to fill the pick 
list If so, the system controller 47 signals the dispenser 



to dispense (240) an item into the receptacle If the item 
is not required the receptacle simply passes (242) the 
dispensers, without an item being dispensed This proc- 
ess is repeated until the receptacle has passed the last 
5 dispenser along the dispenser conveyor (244) 

Picking Low Volume Items 

[0072] If the system controller 47 has determined that 
a pick list requires low volume items, the receptacle as- 
sociated with that pick list is diverted to the inventory 
area where low volume items are stored for picking, as 
already noted Also as already noted, the inventory area 
28 may be made up of several storage sections 32, each 
with its own gantry robot 30 Thus, the system controller 
47 must first determine (248) whether an item from the 
first storage section along the path of conveyor 50 is 
required to fill the pick list If not, the system controller 
47 allows (250) (he receptacle 22 to pass through that 
storage section If the system controller 47 determines 
(248) that an item from that storage section is required 
to fill the pick list, it next searches its memory to deter- 
mine (252) the location of the required item That is, the 
system controller 47 must determine in which cell 70 
within the storage section the required item is located 
Once it does so it signals (254) the robot head 64 to 
move to the location of the required item 36 and pick up 
the item (256) The system controller 47 must also de- 
termine (258) a future position of the receptacle along 
the conveyor 50, taking into account the location of the 
robot head and the time it will take the robot head to 
move to a position over the conveyor 50 where it can 
drop the required item into the proper receptacle That 
is, the system controller 47 must be able to determine 
when the receptacle 22 will be at a location where the 
gantry robot 30 can drop the item and cause the gantry 
robot 30 to move to that position (260) in time to release 
the item (262) into the receptacle 22 
[0073] The system controller 47 can utilize either po- 
sition predicting or location determining methods for co- 
ordinating the movement of the robot head relative to 
the dynamically changing location of a specific recepta- 
cle 22 along conveyor 50 One suitable method uses a 
position locating system in which position sensors 138 
continuously determine the position of a receptacle 22 
As one example, such sensors can respond to interrup- 
tion of a light beam when a receptacle 22 passes a lo- 
cation along the inventory area conveyor 50 As shown 
in Figure 2 a typical sensor 142 which responds to light 
interruption uses a light beam 144 directed across the 
conveyor from a light source 146 and a photosensor 1 48 
opposite the light source 14$, such that passage of a 
receptacle 22 between the light source 146 and sensor 
148 interrupts the light beam 144 
[0074) The above-described process is repeated for 
each storage section 32 through which receptacle 22 
passes including the second pass through the storage 
sections 
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High/Low Volume Determination 

[0084] The invention permits adjustments in the sta- 
tus of items as low volume or high volume items based 
on the history of demand for specific items This enables 
the usertodectde whether a specific item should be dis- 
pensed from a dedicated dispenser 24, or whether it 
would be more effective to dispense the item from nond- 
edicated picking equipment 26 
[0085] Classification of an item as a high volume item 
or a low volume item can be based on several factors 
related to optimizing the automated filling of purchase 
orders A general discussion of those factors can be 
found in the Materials Handling Handbook, 2d Ed , 
Chapter 3, which identifies several factors relevant to 
estimating costs associated with providing automated 
equipment for matenals handling 
(0086) Figure 15 shows a process for determining 
whether items should be categonzed as high volume or 
low volume for a facility having a predetermined number 
of dedicated dispensers 24 and cells 70 within an inven- 
tory area 28 In order to maximize the number of orders 
which can be processed by the order filling system 20 
in a given time penod, the categorization of items as high 
volume or low volume is based on the capacity of the 
dedicated dispensers 24 In order to maximize the rate 
at which orders can be filled, it is desired to place the 
most frequently ordered items in the available dedicated 
dispensers 24 

[0087] As shown in Figure 1 5, the first step in the proc- 
ess is estimating (320) the frequency with which each 
item will be needed to fill a pick list or purchase order 
Next, the number of available dedicated dispensers 24 
is determined (322) Next, the items are ranked (324) in 
order from highest estimated frequency of demand to 
lowest estimated frequency The items expected to be 
dispensed at the highest frequency are assigned (326) 
to the available dedicated dispensers 24 t with the re- 
maining items being classified as low volume (328) and 
placed within the inventory area 28 
[0088] Where the highest frequency item has an ex- 
pected frequency of being dispensed that is more than 
twice the frequency of the lowest frequency item which 
would be assigned to a dedicated dispenser the assign- 
ment of items to dedicated dispensers 24 may be mod- 
ified to have two dedicated dispensers 24 dispensing 
the highest frequency item Assigning items with a high 
expected frequency of distribution to multiple dedicated 
dispensers can be of great value when the ability of a 
single dedicated dispenser 24 to dispense the item with 
the highestexpectedfrequency of demand becomes the 
limiting factor on the rate at which orders can be filled 
[0089] In order to modify the classification of items 
when the item with the highest estimated frequency has 
a frequency more than twice as large as the estimated 
frequency of the lowest frequency item which would be 
assigned to a dedicated dispenser the items are as- 
signed (326) to the available dispensers 24 in order be- 



ginning with the highest frequency, until all availabledis- 
pensers 24 have had an item assigned to them Once 
ttv dispensers 24 have each had an item assigned, the 
item having the highest estimated frequency which is 

5 assigned to a dispenser 24 is identified (330) The item 
assigned to a dispenser 24 having the lowest estimated 
frequency is also identified (332) Next, a determination 
is made (334) whether the item with the highest estimat- 
ed frequency has an estimated frequency more than 

10 twice that of the estimated frequency of the lowest fre- 
quency item assigned to a dispenser 24 If the highest 
frequency is at least twice that of the lowest type of item 
assigned to a dispenser, the item with the highest fre- 
quency can be divided (338) between two dedicated dis- 

15 pensers 24, with the item which had been assigned to 
a dispenser 24 being reclassified (342) as a low volume 
item and reassigned to the inventory area 28 The rank- 
ing of the items can then be redetermined (340), with 
the item which was divided between two dispensers 24 

20 being considered as two items, each having a frequency 
equal to half of the estimated frequency of the item If 
the highest frequency is not at least twice that of the 
lowest frequency, no changes are made (336) The 
process is repeated until no dispenser 24 is assigned 

25 an item having an estimated frequency less than half of 
the highest estimated frequency assigned to a dispens- 
ed 

[0090] From the foregoing description it will be appar- 
ent that the invention described herein provides a simple 
so yet effective automated system for accumulating items 
required to fill purchase orders As will be apparent to 
those familiar with the art the invention may be embod- 
ied in other specific forms without departing from the 
spmt or essential characteristics thereof The embodi- 
es ment disclosed is therefore to be considered in all re- 
spects as illustrative rather than restrictive, the scope of 
the invention being indicated by the appended claims 



1 . A method of automatically picking items to fill a pur- 
chase order, comprising the steps of 

a receiving a purchase order 
b extracting from the purchase order informa- 
tion abou* the identity and quantity of items or- 
dered in the purchase order, 
c creating from the extracted information a pick 
list, 

d associating the pick list with a receptacle for 
receiving picked items, 

e determining whether ordered items are of a 
first type or a second type, 
f directing the receptacle to a storage area 
where items are stored 

g automatically picking ordered items stored 
and placing them in the receptacle, and 



40 Claims 



so 
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member each lifting member having a terminal 
end 

e a support member extending from the termi- 
nal end of each lifting member in a direction 
substantially perpendicular to the longitudinal 5 
axis of the associated lifting member, the sup- 
pot member on each lifting member being 
movable toward and away from a group of ar- 
ticles in response to rotation of the lifting mem- 
bers and operable in conjunction with support *o 
members of others of the plurality of lifting 
members to engage and support the group of 
articles when the support members are moved 
toward t he group of articles and to lift the group 
ol ancles at least in part by retraction of the '5 
lifting members 

A system hs cuimed in Claim 4 comprising a picking 
robot c jmpffeinq n rrvnfjjiritor as claimed in Claim 
5 
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Description 

Field of the Invention 

[0001] This invention relates to the automated filling 
of orders for goods, and more particularly to Ihe filling 
of orders requiring a mix of individual items which can 
be characterized as either high demand or low demand 
rtems, i.e , where some items are orderedf requently and 
other items are ordered less frequently 

Background of the Invention 

{0002] Traditional catalog telephone and mail order 
sales, and now so-called "e-commerce" sales over the 
Internet, require retailers to pick ordered items from in- 
ventory and accumulate those items into a receptacle 
or defined location for packaging and shipping to the 
customer The simplest, and probably the earliest, sys- 
tem for picking items requires a person, usually referred 
to as an order picker, to physically search through in- 
ventory stored m a warehouse, guided by a list of items 
required to fill an order The order picker is required to 
locate and transfer ordered items to a receptacle or a 
defined accumulation area where picked items are col- 
lected, matched to a specif ic order, and packed and pre- 
pared for shipping to the customer 
The cost of such a system is high because it relies heav- 
ily on manual labor, and is subject to inefficiencies due 
to inevitable human error in picking and assembling 
items to fill an order 

[0003] To assist the order picker, and to help track in- 
ventory, item identification systems called "pick to light" 
systems were developed, in which a controller received 
information identifying items to be picked to fill an order 
and sequentially or simultaneously activated lights at lo- 
cations containing items to be picked to fill the order 
Guided by the lights, the order picker would move from 
location to location, remove the required items from the 
illuminated locations, manually indicate the removal of 
the items, such as by pressing a switch (which would 
usually also turn off the light), and then place the items 
into a receptacle assigned to receive items to till the or- 
der A benefit of this system was the integration of an 
inventory tracking system, which allowed inventory 
records to be decremented each time the order picker 
pressed the switch or otherwise indicated that an or- 
dered item had been removed from inventory Such sys- 
tems nevertheless are limited by their reliance on hu* 
man order pickers, and are prone to error and fraud 
[0004] To improve efficiencies and reduce errors, 
dedicated dispensers for dispensing individual items 
were developed Such a dispenser is disclosed in U S 
Patent 5,271 ,703 assigned to the same assignee as the 
present invention That patent descnbes a dispenser 
which uses a plurality of magazines, each stocked with 
items offered for sale Items required to fill a purchase 
order are selectabfy dispensed from individual maga- 



zines into a dynamically assigned order space on a con- 
veyor belt, which accumulates in the order space those 
items necessary to fill an order Once all required items 
are dispensed into the dynamically assigned space on 

5 the conveyor belt, the belt moves the items to a second 
conveyor, which moves the items in a group to a packing 
station Variations of that dispenser-based system dis- 
pense items directly into passing receptacles or ship- 
ping containers, instead of into a defined space on a 

10 moving belt 

[0005] The use of individual dispensers of inventoried 
items, such as descnbed in U S Patent 5,271,703, 
clearly requires a dedicated dispensing machine for 
each item to be dispensed For some items, the low fre- 

'5 quency with which the item is requested by purchasers 
does not justify the cost of a dedicated dispensing ma- 
chine To avoid the cost of dispensing machines forslow 
selling items, those items were previously picked man- 
ually and placed m a receptacle, and then the receptacle 

20 was sent to the dispensing machinery where frequently 
ordered items were automatically dispensed into the re- 
ceptacles Such hybrid manual and automated systems 
reduced, but did not entirely eliminate, the disadvantag- 
es inherent in manual order picking 

25 [0006] Moreover, all prior order picking systems, 
whether manual only or both manual and automatic, 
need to be replenished when the supply of ordered 
items runs low oris exhausted Until now, replenishment 
was done manually That is, an individual was required 

30 to bnng items to their assigned locations within inventory 
and load the items one at a time into dispensing maga- 
zines (or at least replace an empty magazine with a full 
one) or place the items into a storage bin The manual 
replenishment process, like the picking process, is m- 

$5 herently inefficient and prone to errors 

[0007] There remains a need for a fully automated or- 
der picking system which is able to dispense both high 
volume {t.e , frequently ordered) and low volume (i.e., 
infrequently ordered) items with minimal reliance on 
manual labor in both picking and replenishment of items 
The present invention fills that need 

Summary of the Invention 

45 [0008] In one of its aspects, the invention encompass- 
es a method of automatically picking items to fill a pur- 
chase order A purchase order is received and informa- 
tion about the identity and quantity of items ordered m 
the purchase order is extracted from it A pick list is cre- 
5^ ated from the extracted information a pick list, and the 
pick list is associated with a receptacle for receiving 
picked items A determination is made whether ordered 
items are of a first type or a second type If no item of 
the second type is ordered, the receptacle is directed to 
55 a first location where items of the first type are stored 
and ordered items stored at the first location are auto- 
matically picked and placed in the receptacle If at least 
one item of the second type is ordered, the receptacle 
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Overview 

[0027} One embodiment of an automated order filling 
system 20 according to the present invention is illustrat- 
ed in Fiqure 1 The system accumulates items such as, $ 
for example CDs required to fill a customer order into 
a receptacle 22 (Although the invention is described 
and iHustracd in terms of a receptacle in the form of a 
tote or other container it should be understood, howev- 
er that the term "receptacle" as used in the specification to 
and claims is intended to be interpreted broadly to in- 
clude not only a container but, in addition, a defined 
space on a conveyor for example ) The receptacle 22 
is transported through the order filling system 20 by con- 
veyors descrocd m more detail below System 20 in- ts 
eludes a piura >ty of deoicateo dispensers 24 located in 
one area fcr rapidly diSDcnsirg high volume items and 
robotic peiunq equipment 30 in a separate area for pick- 
ing low volume mrns / c lhu*e items which are ordered 
less fiecuc iti> iti-tn high v^iunu items 20 
[0028] A specif c custorrcr ourchase order is associ- 
ated with * spoc»fic »eccpHck> 22 as will be explained 
more fu ly oci:>w As ,* specific receptacle 22 passes 
through the ordc* U\unq sys cm20 specific items or CDs 
36 are placod mo the 'ecoptnclo 22 until all items re* 25 
quired to fill the customer order have been placed in the 
receptacle Orce afl 3l no items required to fill the order 
are accumulated f> the receptacle 22, the receptacle 22 
Can be transported to a location for order checking or 
packing 30 
[0029] As can be seen in Figure 1 , the system 20 in- 
cludes a first conveyor 38 referred to herein as a dis- 
penser conveyor which transports receptacles 22 past 
dedicated dispensers 24 for dispensing high volume 
items 40 The receptacles 22 each include a unique 35 
identifier 42 (snown in Figure 2) such as a bar code that 
allows an idem ihcat ion station 44 at the entrance end of 
dispenser conveyor 38 to determine the unique identity 
of that receptacle 22 A specific purchase order can be 
associated with the receptacle 22, so that only those *o 
items required to fill the specific purchase order are 
placed i n the receptacle 22 by the order filling system 20 J 
[0030] The dedicated dispensers 24 preferably com- 
pnse a supply of a specific item, or CD, along with a 
mechanism to dispense one or more items into a recep- 
tacle 22 as receptacle 22 moves along the path of con- 
veyor 38 A suitable dispenser 24 is disclosed in U S 
Patent 5 t 271 703 However other forms of dispensers 
can be used without departing from the scope of the in- 
vention The dedicated dispensers provide rapid dis- 50 
pensing of items although as a practical matter the cost 
of purchasing and operating such machinery is only cost 
effective when a large enough quantity of the items at a 
high dispensing rate is required 

[0031 ] The automated order filling system 20 also in- 55 
eludes a second conveyor 50 referred to as an inven- 
tory area conveyor which transports receptacle 22 
through an inventory area 28 in which are stored low 
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volume items / e , items which are ordered infrequently 
compared to high volume items dispensed by dispens- 
ers 24 Low volume items 46 are stacked or otherwise 
grouped in a plurality of storage sections 32 Inventory 
area 28 has associated with it at least one robotic picker 
30, referred to as a gantry robot A general descnption 
of gantry robots is provided in the Handbook of industrial 
Robots Chapter 60, John Wiley & Sons, Inc , 1985 
Each gantry robot 30 includes an end effector capable 
of picking up at least one low volume item from its stor- 
age location and transporting it to another location within 
a defined range of movement For purposes of illustra- 
tion, and not limitation, the end effectordesenbed herein 
is in the form of a vacuum pickup 34, which uses suction 
to pick up a low volume item 46 from one location and 
move it to another location Although three gantry robots 
are illustrated in Figure 1 , it will be understood that only 
one gantry robot 30 is needed to transfer items 46 from 
a storage section 32 to a receptacle 22 Of course the 
speed with which any gantry robot 30 can move items 
46 is limited, so it may be advantageous to employ a 
plurality of such robots However, rt will be understood 
that the invention is not limited to any specific number 
of gantry robots 

[0032] When a purchase order requires a low volume 
item 46, the receptacle 22 associated with the order is 
directed by a diverter 48 onto inventory area conveyor 
50, which transports the receptacle 22 through inventory 
area 28 Diverter 48 may comprise a swing gate to re- 
direct the receptacle 22 onto the inventory area convey- 
or 50 Alternatively, a push bar can be extended to push 
the receptacle 22 onto the inventory area conveyor 50 
Other suitable devices for directing receptacles from 
conveyor 38 to conveyor 50 can also be used without 
departing from the invention 
[0033] In the embodiment shown, the inventory area 
28 is made up of several storage sections 32, each of 
which is serviced by a gantry robot 30 The inventory 
area conveyor 50 is arranged to pass through the middle 
of inventory area 28 to minimize the average distance 
from any given point in the inventory area 28 to a recep- 
tacle 22 on the inventory area conveyor 50 As a recep- 
tacle is transported by inventory area conveyor 50 one 
or more low volume items 46, as may be required by the 
order associated with the receptacle, are picked up by 
one or more of the gantry robots 30 and placed in the 
receptacle 22 

[0034] If all of the low volume items 46 required to fill 
a purchase order need to be picked from a single stor- 
age section 32, the time available for a gantry robot 30 
to pick each item for that purchase order can be limited 
by the amount of time during which the receptacle 22 
associated with that purchase order is present within in- 
ventory area 28 and during which low volume items 46 
can be placed in the receptacle 22 by the gantry robot 
30 Moreover, more than one receptacle 22 may be with- 
in the inventory area 28 at any given time, which can 
mean that there is insufficient time for the gantry robot 
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50 of the receptacle 22 into which the item 46 is to be 
placed, where the suction is released and the low vol- 
ume item 46 is dropped into the receptacle 

Dual Purpose End Effector 

[0042] Depending from the robot head 64 is an end 
effector 34, which can take any one of a number of f oims 
depending upon particular low volume items to be 
stored and picked from inventory area 28 The robot 
head 64 of the described embodiment is therefore of the 
multipurpose type, in that the gantry robot 30 is able to 
present several types of end effectors for handling low 
volume items 46 within the storage section 32 As shown 
in Figures 3 and 4, two preferred end effectors are a 
vacuum pickup 34 for picking individual low volume 
items 46 and a set of rotatable fingers 84 for grasping a 
stack 72 of low volume items 46 
[0043] As shown in Figures 3 and 4, the vacuum pick- 
up 34 comprises a vacuum line 86 connected to a 
source of suction (not shown, but which may be a con- 
ventional vacuum source) at one end and to a flexible 
boot 88 at the other The flexible boot 88 has a free end 
m which is located an aperture 90 (shown in Figure 4) 
The interior of flexible boot 88 is hollow, so that suction 
from the suction source is transmitted to aperture 90 A 
linear actuator 92 is provided to raise and lower the flex- 
ible boot 88 

[0044] In order to pick up an individual item from a 
stack 72 of items, the flexible boot 88 is lowered by ac- 
tuator 92 until it comes into contact with the item 46 to 
be picked At that point, the free end of boot 88 , and thus 
aperture 90, is in contact with the top surface of item 46 
Because boot 86 is flexible, it can deform to create a 
seal between the boot 88 and the item 46 around the 
aperture 90 Once the flexible boot engages the item, 
actuator 92 is operated to raise boot 88 Suction from 
the suction source is transmitted to aperture 90, and will 
hold the low volume item 46 against the flexible boot 88 
as the flexible boot 88 is raised 
[0045] Once item 46 is raised and held by flexible boot 
88, robot head 64 can be moved to a point over a re- 
ceptacle 22 on conveyor 50 To release the item 46 and 
drop rt into a desired receptacle the suction source is 
disconnected from the flexible boot 88, thus removing 
the suction which holds the item 46 against the flexible 
boot 88 and allowing the item 46 to drop 
[0046] As those skilled in the art will understand, not 
all low volume items 46 are necessarily of the same size 
orweight Thus, the amount of suction necessary for ro- 
bot head 64 to lift and hold an item 46 may need to vary 
depending upon the size and weight of item 46 In ad 
dition, the size of flexible boot 88 and the size of the 
aperture 90 in flexible boot 88 may be vaned as required 
by the size and weight of items to be picked A larger 
vacuum effector with a larger aperture allows a greater 
suction force to be applied to an rtem Still further, more 
than one vacuum effector may be used, as illustrated in 



Figure 4, for example Larger vacuum effectors, or mul- 
tiple vacuum effectors, can be used for such operations 
as, for example picking multiple disk CDs i.e., musical 
albums which comprise two or three compact disks 
s Larger vacuum effectors or multiple vacuum effectors 
can be used to pick larger, heavier items, while smaller 
vacuum effectors can be used to pick smaller, lighter 
items 

[0047] In addition to a vacuum effector 34 for picking 
10 individual low volume items 46, the robot head 64 is pref- 
erably, although not necessanly, provided with a set of 
rotatable fingers 84 for picking up stacks 72 of low vol- 
ume items 46 when it is desired to replenish the supply 
of low-volume items in inventory area 28 In the pre- 
is f erred embodiment, four such rotatable fingers are illus- 
trated, although as those skilled in the art will under- 
stand, more or fewer fingers may be preferred, depend- 
ing on the type of item being handled Each rotatable 
finger 84 comprises a shaft 100, which has at its lower 
£0 end a foot 96, which can be rotated underneath a stack 
72 of low volume items 46 The foot 98 is off-center with 
respect to the longitudinal axis of the shaft, and projects 
transversely from one side of the shaft Thus, rotation 
of the shaft 100 causes the direction in which foot 98 
25 extends relative to robot head 64 to also rotate As 
shown in Figure 3, in the illustrated embodiment the 
shafts 1 00 are rotated by a belt 102 wound around pul- 
leys 1 04 attached to the top end of the shafts 100 The 
belt 102 is driven by a stepper motor 106 Other mech- 
30 anisms for rotating shafts 100, such as gear arrange- 
ments or even direct drive by a motor, for example can 
also be used without departing from the scope of the 
invention 

(0048] As shown in Figure 3, rotatable fingers 84 are 
35 vertically movable independent of the vacuum effectors 
The rotatable fingers 84 can be raised to position feet 
98 are above the vacuum effectors, so that they are out 
of the way and do not interfere with operation of the vac- 
uum effectors during picking When rt is desired to have 
^0 robot head 64 grasp a stack 72 of low volume items 46, 
such as when it is desired to replenish the supply of a 
particular item in the inventory area 28 the rotatable fin- 
gers 84 are lowered to extend below the vacuum effec- 
tors The vertical movement of rotatable fingers 84 ah 
4$ lows the feet 98 to be placed below the bottommost rtem 
46 in a given stack 72 Rotation of the shafts 1 00 allows 
the feet 98 to extend under the bottommost item, as 
shown in Figure 5, such that feet 98 engage the bottom 
surface of the bottommost item, thus enabling robot 
50 head 64 to grasp and lift a stack 72 of items 46 

Matrixed Racks 

[0049] In order for a gantry robot 34 to pick a low vol- 
55 urne item 46 from a stack 72 within a storage sectio n 32 
and transfer the item 46 to a receptacle 22 the gantry 
robot 30 must be able to locate specific low volume 
items 46 required to fill a customer order To facilitate 
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storage section 32 can be accomplished in the following 
manner A gantry robot 30 is moved by the system con- 
troller 47 over a stack 72 of items to be picked up and 
put into storage section 32 The robot head 64 is moved 
downward in the z direction, vacuum effector 34 is re- 5 
tracted and fingers 84 are extended Fingers 84 are ro- 
tated, either before or while they are extended, so that 
feet 98 extend outwardly with respect to robot head 64 
That is, the fingers 84 are rotated so they do not contact 
the edges of the stack 72 of items 46 to be picked up as '<> 
robot head 64 descends The fingers are extended far 
enough to be below the bottom of the bottommost item 
46 m the stack 72 Once the fingers have been so ex- 
tended, they are rotated so that feet 98 extend inwardly 
with respect to robot head 64 and extend under the bot- is 
tommost rtem 46, as illustrated in Figure 5 Robot head 
64 is then moved upward in the z direction, the feet 98 
engage the bottom out item 46 in the stack, and the 
slack is thus picked up by robot head 64 
[0058] Robot head 64 is then moved by the system 20 
controller 47 in the xand / directions to a position above 
the cell 70 where the stack is to be placed, and lowered 
m the z direction until the bottommost item comes to rest 
on the top surface of pallet 118 As those skilled in the 
art will understand from the figures, the feet 98 on rotat- 23 
able fingers 84 are in alignment with circular openings 
134 Circular openings provide room for the feet to ex- 
tend below the top surface of pallet 118 and to rotate 
between inwardly extending and outwardly extending 
positions relative to robot head 64 This permits the bot- 30 
tommost rtem to rest on the top surface of pallet 1 1 8 be- 
fore fingers 84 are rotated to release the stack 72 Once 
the stack has come to rest on pallet 118, rotatable fin- 
gers 84 are rotated so that feet 98 extend outward and 
clear the edges of stack 72 which allows the robot head & 
64 to move upward in the z direction and be withdrawn 
(0059] Of course, those skilled in the art will appreci- 
ate that this process can be reversed if it 1$ desired to 
remove a stack of items from storage area 32 

40 

System Operation 

[0060] The operation of the system is illustrated m 
flowchart form in Figures 8 through 12 
[0061 ] As shown in Figure 8 the operation of the sys- *s 
tern involves several basic steps First, a pick list is as- 
sociated with a receptacle (200) Next, it is determined 
(202) whether the pick list associated with the recepta- 
cle requires low volume items If so the receptacle as- 
sociated with the pick list is diverted (204) to the low 50 
volume item storage area, where the low volume item 
or items aro picked (206) After the low volume items 
required to fill a pick list are picked the receptacle is 
directed to the high volume item dispenser area for pick- 
ing of high volume items (208) Of course it will be un- 55 
derstood that if a pick list does not require low volume 
items steps 204 and 206 are not performed 
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Associating a Pick List with a Receptacle 

[0062] The step 200 of associating a pick list with a 
receptacle is shown in greater detail in Figure 9 The 
process begins with receipt of a purchase order (210) 
Typically included in a purchase order are not only a list 
of items ordered but also customer payment information 
and destination information (such as a shipping ad- 
dress) that do not need to be considered d unng the filling 
of the purchase order from the automated order filling 
system 20 This latter information removed from the pur- 
chase order (212) to form a pick list, which contains only 
the item information necessary to fill a purchase order 
Specifically, the pick list need identify only the specific 
items and quantities required to fill an order, as well as 
an identifier to link the pick list with that order If desired, 
a purchase order can be divided into several pick lists 
This may be necessary when the ordered items will not 
fit within a single receptacle 22, or where an item is tem- 
porarily unavailable and the customer has expressed a 
willingness to take delivery of the ordered items in sep- 
arate shipments 

[0063] After a pick list is created, it is next determined 
(214) whether all of the items on the pick list will fit withrn 
a single receptacle If not, the pick list is divided (216) 
into separate pick lists, with each pick list remaining 
linked to the original purchase order (Although a divi- 
sion into two pick lists 1$ illustrated in the flow chart of 
Figure 9 to should be understood that any number of 
pick lists can be created by division of the original pick 
list created in step 212 ) Each separate pick list is then 
reevaluated (214) to determine whether the items called 
for on the separate pick list will fit in a single receptacle 
22 If not, each separate pick list is further divided The 
process is repeated until the system is left with pick lists 
containing only those items that will fit within a single 
receptacle 

[0064] The next step (218) is to determine whether 
each item on the pick list is available A customer can 
indicate whether the customer desires to have back-or- 
dered items shipped separately from available items, or 
whether the customer desires to have shipment of the 
entire order delayed so the order can be shipped as a 
unit when all of the ordered items are available If in step 
218 it is determined that at least one ordered item is 
unavailable, it is next determined (220) whether the cus- 
tomer has indicated a willingness to allow unavailable 
items to be shipped at a later date rf the customer has 
expressed such a willingness, the pick list is divided 
(222) to form a pick list of available items and a pick list 
of unavailable items 

[0065] Once all pick lists of available items have been 
created from the purchase order, each pick list is placed 
in a queue for picking (224) The queue consists of or- 
ders waiting to be filled Pick lists in the queue can be 
prioritized and placed in a sequence other than the se- 
quence in which a purchase order was received Prior- 
itization can be based on the availability of items or the 
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[0075] Once the receptacle 22 has traversed the en- 
tire length of the inventory area conveyor 50, the recep- 
tacle 22 is returned 264 to the dispenser conveyor 38 

The Replenishment Process 

[0076] Individual picks by a gantry robot 30 can be 
tracked in the system controller 47 to monrtorthe quan- 
trttes of individual items 36 in the inventory area 28 That 
is, each time the gantry robot 30 picks an individual item 
36, the quantity of that item 36 known to be in inventory 
can be decremented to update a database which mon- 
itors the availability of items 36 in the inventory area 28 
Thus, as each low volume item 46 is pulled from a stack 
72, the system controller 47 decrements an inventory 
counter for that particular category of tow volume item 

46 As the number of specrfic low volume items is re- 
duced by filling orders forthat item, the system controller 

47 determines when the stock of a specific low volume 
item is low and needs to be replenished (270) Such a 
determination is analogous to commonly used material 
requirements planning systems (MRPs), which deter- 
mine reorder points based on the restocking time and 
frequency of distribution of the item Once a replenish- 
ment set point is reached, a replenishment request is 
issued (272) 

[0077] The replenishment order triggers the place- 
ment of the required items (274) at the replenishment 
station 74 Once the required items are placed at the 
replenishment station, the system controller 47 notifies 
(276) the gantry robot 30 of the availability of the items 
at the replenishment station 74 
[0078] After the gantry robot 30 is notified (276) of the 
availability of the items, the system controller 47 deter- 
mines (278) the next available block of time in which the 
gantry robot 30 will not be required for transferring items 
to receptacles When such a block of time is not imme- 
diately available, the system can adjust (280) the queue 
of pick lists being assigned to receptacles 22 to defer 
the pick lists requiring items that would be picked by the 
gantry robot until after the replenishment cycle has been 
completed 

[0079] Once the system controller 47 determines 
(278) that there is a suitable block of time for replenish- 
ing an item it causes the gantry robot 30 to move (282) 
to the replenishment station 74 and grasp (284) the 
stack 72 of items 36 at the replenishment station 74, as 
explained above Once the stack has been grasped, the 
gantry robot 30 moves to the cell requinng replenish- 
ment (286) and there releases (288) the items into the 
cell Once the cell has been replenished, the gantry ro 
bot 30 resumes normal operation (290), individually 
picking low volume items 46 for transfer to receptacles 
22 

Low Volume Only Pick Lists 



items, operation of dispensers 24 will not be required If 
a series of only low volume item pick lists is entered into 
the system the dispensers 24 can be taken offline for 
maintenance or restocking without having to shut down 
5 the entire system To allow restocking or maintenance 
of the high volume dispensers without affecting picking 
operations for low volume items, the process shown in 
Figure 12 is used 

[0081] First, a group of pick lists requiring only low vol- 
to ume items is identified (300) Those pick lists are then 
queued (302) to form a senes of pick lists requiring only 
low volume items Those pick lists are associated (304) 
with receptacles 22 entering the order filling system 20, 
and the dispensers 24 are shut down (306) Mainte- 
15 nance or restocking of the high volume dispenses can 
then be conducted (308) The receptacles for the low 
volume only pick lists are diverted (31 0), as normal, onto 
the inventory area conveyor 50, where low volume items 
required to fill the pick lists are transferred (312) to the 
20 receptacles 22 by the gantry robots 30, as normal Once 
the receptacle 22 has passed through the inventory area 
28 the receptacles 22 rejoin (314) the dispenser con- 
veyor 38 

25 Alternative Modes of Operation 

[0082] It will be understood from the above descrip- 
tion that the order filling system can utilize alternative 
arrangements of conveyors and picking equipment In 

30 Figure 13, an arrangement is shown m which the main 
path along which each receptacle 22 moves passes 
through the inventory area 28 In this embodiment, the 
diverter 48 diverts receptacles 22 from the inventory ar- 
ea conveyor 50 onto the dispenser conveyor 38 when 

35 high volume items 40 are required If an item does not 
require high volume items 40, the receptacle is not di- 
verted onto the dispenser conveyor 38 
[0083) Another alternative configuration rs shown in 
Figure 14 That configuration utilizes a pass-through 

io conveyor 140 from which both the inventory area con- 
veyor 50 and dispenser conveyor 38 branch This con- 
figuration allows receptacles 22 to be diverted to only 
the dispenser conveyor 38 or only the inventory area 
conveyor 50, depending on whether the pick list asso- 

45 crated with the receptacle 22 requires only high volume 
or only low volume items, respectively Where both high 
volume and low volume items are required for a single 
pick list, receptacles 22 can be diverted first to the in* 
ventory area conveyor 50 and then to the dispenser con- 

so veyor 30, or vice versa, as required This configuration 
also allows pick lists to be first sent to the dispensers 24 
if low volume items 46 for the pick list are in the process 
of being replenished in a storage section 32, or first sent 
to the storage area if the high volume dispensers are 

55 being replenished or repaired 



[0080] When a pick list requires only low volume 
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h directing the receptacle to a location for fur- 
ther processing 

2. A method of automatically picking items to fill a pur- 
chase order as claimed in Claim 1 wherein step f 5 
further comprises selectably directing the recepta- 
cle to at least one of a first storage area where items 

of the first type are stored and a second storage ar- 
ea where items of the second type are stored, and 
wherein step g further comprises automatically to 
picking ordered items stored at each storage area 
to which the receptacle is selectably directed and 
placing them in the receptacle 

3. A method of automatically picking items to fill a pur- '5 
chase order as claimed in Claim 1 wherein 

I if no item of the second type is ordered, the 
method comprises the steps of 

20 

(i) directing the receptacle to a first location 
where items of the first type are stored, and 
(n) automatically picking ordered items 
stored at the first location and placing them 
in the receptacle, & 

II if at least one item of the second type is or- 
dered, the method comprises the steps of 

i) first directing the receptacle to a second 30 
location where items of the second type are 
stored, 

n) automatically picking ordered items 
stored at the second location and placing 
them in the receptacle, and & 

III if at least one item of the first type is also 
ordered, the method compnses the steps of 

i) next directing the receptacle to a first lo- *o 
cation where items of the first type are 
stored, 

ii) automatically picking ordered items 
stored at the first location and placing them 

in the receptacle, and 45 
in) directing the receptacle to a location for 
further processing, or 

IV if no item of the first type is also ordered, the 
method compnses the step of directing the re- 50 
ceptacle to a location for further processing af 

ter items stored at the second location have 
been picked and placed in the receptacle 

4. A system for automatically picking items to fill a pur- 55 
chase order comprising 

a at least one receptacle for receiving items or- 



dered in the purchase order the receptacle 
having associated wrth it unique identifying in- 
formation, 

b a conveyor for moving the receptacle along 
a preselected path, 

c a detector along the path for detecting the 
unique identifying information associated with 
the receptacle and generating an output signal 
representative of that information, 
d a system controller which 

i) receives the detector output signal and 
information about the identity and quantity 
of items ordered in the purchase order, 
\\) correlates the unique identifying infor- 
mation with the information about the iden- 
tity and quantity of items ordered in the pur- 
chase order, and 
in) generates commands, 

e a first location along a first portion of the path 
of the conveyor for stonng items of a first type, 
f a second location along a second portion of 
the path of the conveyor for stonng items of a 
second type, 

g a director responsive to a command from the 
controller to direct a receptacle onto the second 
portion of the path when items of the second 
type are ordered in the purchase order 
h at least one picking robot at the second stor- 
age location responsive to a command from the 
controller to pick items of the second type or- 
dered in the purchase order and place the items 
in the receptacle, and 

i at least one dispenser at the first storage lo- 
cation responsive to a command from the con- 
troller to dispense items of the first type ordered 
in the purchase order into the receptacle 

5. A manipulator for a robot, comprising 

a an extendable and retractable member hav- 
ing a terminal end, 

b a f lexible article engaging member at the ter- 
minal end, the article engaging member having 
an orifice therein for applying suction to an in- 
dividual article to be manipulated, 
c a vacuum line connecting the article engag- 
ing member to a vacuum source, 
d a plurality of article lifting members adjacent 
the article engaging member for lifting a group 
of articles to be manipulated, each lifting mem- 
ber being extendable and retractable in a direc- 
tion parallel to the article engaging member and 
being also rotatable about a longitudinal axis 
parallel to said direction, the lifting members 
being extendable, retractable, and rotatable in 
unison and independent of the article engaging 
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